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ABSTRACT 
This report describes an evaluation of the effectiveness of 
different solvents and solvent-organometallic compound mixtures 
for use in the extractive distillation of a piperylene mixture, 
consisting of five carbon olefins and diolefins obtained as a by-
product from an ethylene feedstock production plant. The moit 
effective solvent is judged to be the one which gives the best 
separation of the lowest boiling and highest boiling points of 
the key components in the mixture. In this study twenty solvents 
and solvent mixtures were tested. Acetonitrile was found to be 
the most effective solvent and nitromethane the next most effective. 
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INTRODUCTION 
In ethylene manufacturing almost any naphthenic or paraffinic 
hydrocarbon heavier than methane can be steam cracked to yield ethyl-
ene and varying quantities of coproducts. In the United States the 
preferred feedstocks, which account for 75% of the ethylene produc-
tion, have been ethane and/or propane recovered from natural gas or 
from the volatile fractions of crude oil. However in recent years 
the trend in the United States is to use heavier liquids such as 
naphtha and gas oil as feedstocks for ethylene manufacturing. Hydro-
cracking of these feedstocks is predicted to account for 65.93% of 
the total ethylene feedstock capacity in 1990. 
In the steam cracking of liquid hydrocarbons, large and varying 
quantities of coproducts are obtained. The products produced vary in 
type and quantity depending upon the composition of the feedstock, 
the severity of depth of cracking and the mode of operation. In 
general, lighter feedstocks yield greater quantities of ethylene 
while heavier feedstocks yield greater quantities of coproducts (1-4). 
Due to the trend toward increased coproduct production in the future 
an effective utilization of these products would be of great interest 
industrially and economically. 
In this project the emphasis has been on the c5 hydrocarbon 
stream produced from the Dow Chemical Company's gas oil cracking 
process. The c5 hydrocarbon byproduct stream is a mixture of olefins 
and diolefins and is called 11 piperylene concentrate" because the 
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major component of this mixture is 1,3-pentadiene which is commonly 
known as piperylene. A typical composition of piperylene concen-
trate is shown in Table I. 
Piperylene concentrate would have greater utility and economic 
value if its four major components could be separated into pure 
compounds. However the boiling points of the major components of 
the concentrate, 2-methyl-2-butene, cyclopentene and cis and trans 
1,3-pentadiene are very close and their separation by traditional 
fractional distillation is not possible (see Table I). A possible 
alternative to the simple distillation is extractive distillation. 
In this technique a suitable solvent is Qdded to the mixture to 
alter the relative volatility of the components of the mixture in 
such a way that separation is achieved. 
The main objective in this project was to find a solvent which 
is capable of producing two fractions - one enriched in the lowest 
boiling point key component and the other enriched in the highest 
boiling key component. 
Uses of Piperylene Concentrate 
Piperylene is currently being used to produce resins which 
are used in adhesives and other applications such as rubber, 
hot melt coati_ngs, film forming material and other polymeric 
products. Surplus piperylene concentrate is being used as fuel 
for combustion furnaces and as a gasoline blend feedstock (5,6) . 
. A recent study demonstrated that oligomeric petroleum resins could 
be prepared from a c5 hydrocarbon fractions (bp 20-50°C) that 
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Table I 
Retention time, identity, boiling point and concentration of 
comoonents in pioervlene concentrate 
Peak Retention Identity Boiling Per Cent No. Time (Min.) Point (OC) by Weight 
1 6.92 Pentane 0.017 
2 8. 17 2,2-Dimethylbutane 0.031 
3 8.89 1.302 
4 9.47 2.025 
5 10.14 2-Methyl-2-butene 38.6 9.988 
6 11. 39 2.022 
7 11. 72 0.800 
8 12.42 0.156 
9 13.32 2-Methyl-1,3-butadiene 34. 1 0.548 
10 14. 19 Cyclopentene 44.3 28.686 
11 15.22 0.013 
12 16.09 Trans-1,3-Pentadiene 42.0 33. 711 
13 17.36 Cis-1,3-Pentadiene 44.9 19.863 
14 19.89 1,3-Cyclopentadiene 42.5 0.209 
15 21.82 0.209 
16 23.12 0.025 
17 36.96 0. 172 
18 33.32 0.204 
19 34.92 0.150 
contained about 40% olefin and dienes (7). Polymerization was 
carried out with an AlC1 3 catalyst, and the yield of the oligomers 
was found to increase as the catalyst content was increased from l 
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to 2 g A1Cl 3/100 g unsaturated hydrocarbons. A further increase in 
the AlC1 3 content did not affect the yield. The degree of polymer-
ization was about 100% for cyclopentadience, 70-80% for isoprene, 
60% for trans-1,3-pentadiene and 50% for 2-methyl-2-butene. The 
oligomeric resins (mol wt - 2000) were found to be applicable as 
rosin substitutes and as adhesives in the paper and rubber industries. 
Piperylene fractions typically produce Friedel-Crafts polymers 
that are not suited for commercial applications. However, with 
comonomers such as isobutylene, butadiene and methyl butene, tacki-
fying resins with softening points ranging from 25-30°c are obtained 
( 8). 
Two resins are reported to be produced from 1,3-pentadiene. 
These resins are Quintone and Quintal. Quintone is a resin used as 
a tackifier for pressure sensitive adhesives, hot melt adhesives 
and in rubber compounding. Quintal, which is a liquid polymer of 
1,3-pentadiene, is very similar to linseed oil. Due to its quick 
drying properties it can be used in paints, coatings, sealants and 
caulking compounds (6). 
Piperylene with a comonomer like 2-methyl-2-butene can be 
polymerized with ratios varying from 65/35 to 35/65 piperylene/ 
2-methyl-2-butene in the presence of A1Cl 3 (9) to produce a resin 
with improved rubber tackifying properties. 
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Cyclopentene has an important role in the polymer industry be-
cause it can be polymerized by various methods to produce a polymer 
known as polypentenamer. This polymer has generated considerable 
interest for several reasons. One is its ease of vulcanization which 
has significant potential for use in tires and other applications 
(10). 
EXPERIMENTAL PROCEDURES 
Analysis 
Distillation samples and piperylene concentrate were analyzed by 
use of a Hewlett-Packard 5710 gas chromatograph equipped with a flame 
ionization detector. Data readout and processing was effected by use 
of a Shimadzu C-RIB Chromatopac. This system automatically computed 
the percent by weight of each component in the sample by using the 
total integrated peak area, the area under the individual peaks, and 
a component response factor. Since the molecular weight and CH-
composi ti on of all components in piperylene concentrate are similar 
(68 ± 2 a.m.u.), a response factor of 1.00 was used for all compo-
nents. 
The chromatographic column used in this study was a lO'xl/8 11 
diameter stainless steel packed with 20 weight percent sebaconitrile 
(Pfaltz & Bauer, Inc.) on 80-90 mesh acid washed Anakrom C22 (Analabs 
Inc.), followed by 20'xJ/4 11 diameter stainless steel tubing packed 
with 15 weight percent bis (2-methoxyethyl) adipate (Supelco, Inc.) 
on 60-80 mesh non-acid washed Chromsorb W (Analabs, Inc.). 
The column was able to separate all of the components in the 
piperylene mixture except for an unknown compound which has a peak 
partially overlapping the trans-1,3-pentadiene peak. It was not nec-
essary to resolve this problem because the concentration of the un-
known peak is too low to affect the overall calculations of the 
6 
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of the concentration of the piperylene mixture components. Identifi-
cation of the peaks in the chromatogram of piperylene concentrate was 
made by analyzing known standards under the same chromatographic 
analysis carried out isothermally at 65°c with a helium flow of 22 ml 
per minute. The injector was heated to 60°c and the flame ionization 
detector operated at 250°c. Under these conditions all piperylene 
concentrate's components eluted within 36 minutes (see Table I). 
Analysis performed using this method had a relative standard 
deviation (95% confidence level) of 1.3% for 2-methyl-2-butene, 0.56% 
of cyclopentene, 0.76% for trans-1,3-pentadiene and 1.97% of cis-
1,3-pentadiene. 
The same procedure was followed in the analysis of the samples 
obtained from the overhead product (distillate) and the samples 
obtained from the pot, except that the analysis of pot samples was 
continued for 20.5 minutes and then the temperature of the oven was 
raised to 90°c for 15 minutes in order to sweep out all the impurities 
and the solvent. 
When not in use the column was left with a carrier gas (helium) 
0 flowing at a rate of 12 ml/min and an oven temperature of 90 C. The 
injection port was cleaned after each 10 sample analyses with a few 
drops of chloroform and thin copper wire, and the septum of the 
injection port was replaced. 
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Apparatus 
A 2.4 cm diameter, 40 cm long glass wool insulated column con-
taining 11 sieve trays was used for the initial solvent screening 
phase of study. A 2.4 cm diameter, 76 cm long vacuum jacketed col-
umn containing 21 sieve trays was used for the more extensive phase 
of testing. The number of theoretical plates for the 40 cm and 76 
cm columns was previously detennined to be 8 and 12 theoretical 
plates (6). 
A 250 ml three neck round bottom flask was used with the 
smaller column and a 1000 ml flask with the larger column. The 
middle neck was connected to the bottom of the distillation column 
while the two side necks were used for an oil-filled thermocouple 
well and a sampling port. 
Two kinds of pump were used to deliver solvents to the column. 
A Sage syringe pump with a capacity of 60 ml was used in the screen-
ing of solvents and an Emi pump Model RP was used in delivering high 
solvent flow rates during the optimization study of the two most 
effective solvents. The solvent was introduced to the column 
through an 18 11 Teflon tube inserted into the top of the 55 cm 
Allihn condenser (see Figure 1). The end of the Teflon tube was 
placed in such a position that the solvent stream was directed to 
the top of the distillation column. The solvent flow rate was 
measured by a rotometer and controlled by a variable pump (Emi 
pump Model RP). The liquid dividing still head was operated by 
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Reservoir 
Flowsheet for experimental extractive runs 
an automatic reflux ratio device. An oil well was located in the 
still head and contained a thermocouple used to monitor head 
temperature. 
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A second Emi pump was used to circulate o0c cooling water from 
an insulated container to a 20 cm spiral receiver condenser and the 
the overhead reflux condenser. This method of cooling condensed 
all of the overhead and product vapors. 
Distillation Procedure 
Prior to the distillation runs, all glassware was cleaned 
thorouqhly with water and soap and rinsed with acetone. All ground 
glass joints and clamping connections were lightly greased. All 
of the apparatus was assembled as shown in the flow sheet diagram 
(Figure 1). The syringe pump was charged with solvent and the 
cooling pump was started. The flask was charged with a predetennined 
amount of piperylene concentrate, 100 ml for the 250 ml flask during 
the screening phase, and 200 ml for the 1000 ml flask during the 
optimization phase of study. 
The distillation was begun by adjusting the variable voltage 
supply to a suitable power setting. The temperature of the pot 
and the overhead were monitored through the entire distillation 
by a digital thennocouple indicator. When the temperature of the 
overhead reached almost 40°c and became steady, total reflux was 
maintained 30 minutes for the larger column and 45 minutes for the 
smaller column to establish equilibrium. The temperature of the 
pot was not allowed to exceed 65°c. After the column reached 
equilibrium the solvent pump was turned on and the solvent added 
for 7 minutes at which time the ratio device was turned on and 
collection of samples was started. 
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The manner in which samples were collected from the overhead 
and still pot was that 0.5 ml was distilled off and discarded, 
after which an additional 0.5 ml was taken as a first sample from 
the overhead and a 0.5 ml sample was taken from the pot. The 
sample containers (vials) were prelabeled and kept in an ice bath 
at the time of the sample collection. Samples which could not be 
analyzed during the same day of collection were kept in a refriger-
ator until they could be analyzed. The time that was required to 
collect a total of 10 samples was between 40 and 50 minutes. The 
flow rate of solvents and the heat applied to the pot and the 
reflux ratio were the same for each distillation run in the 
screening operation. 
Extractive Distillation 
Extractive distillation is a technique used to separate mix-
tures of close boiling components and mixtures that exhibit azeo-
tropic behavior. The methodology of utilizing this technique 
requires the addition of a solvent which is relatively nonvolatile 
with respect to the components to be separated. With a proper 
solvent the relative volatility of the desired component will be 
enhanced. 
The relative volatility of two components, i and j, .in a 
mixture is defined as 
a. / . Y./X. Y· p~ .. · p~ 1 lJ = 1 1 . - 1 = s .. 1 y ./X. Y· p~ lJ p~ J J J J J 
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where ~ij is the relative volatility of i (light component) rela-
tive to j (heavy component); Y. and Y~ are the vapor phase mole 
1 j 
fractions of component i and j respectively; Xi and X~ are the 
liquid phase mole fractions of components i and j respectively; 
0 0 Pi and Pj are saturated vapor pressures of pure components i and j 
respectively; Yi and Yj are the thennodynamic activity coeffi~ 
cients for components i and j respectively and s .. is the selectivity lJ 
of an extractive distillation solvent and is a function of the pro-
perties of the solvent and the .conditions of the distillation. 
Enhancement of the relative volatility is due to differing 
intensities of physical or chemical interactions of the solvent 
with certain components in the mixture. The vapor pressures of 
these components are lowered, thereby decreasing their volatility 
compared to components in the mixture which are not affected by 
the added solvent. 
As its name indicates, extractive distillation is a combi-
nation of extraction and distillation. Extraction separates the 
components according to molecular type while distillation achieves 
separation by differences in the boiling point. The solvent can 
be introduced to the column either continuously or batchwise. 
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In the continuous mode, the solvent enters at the top of the 
column and is mixed with the reflux. Since the solvent has a con-
siderably higher boiling point than the other components, it is 
present principally as a liquid flowing countercurrent to the vapor. 
Thus it is in continuous contact with the vapor. The solvent con-
centration inside the column can be controlled by controlling the 
reflux ratio and the flow rate of solvent into the column. The 
solvent concentration in many extractive distillations ranges from 
60-80 mole percent. These fairly high concentrations of solvent 
are required to achieve an effective practical separation of a 
close boiling mixture. · 
Heat load, solvent flow rate and column diameter are parameters 
that must be considered in the design of an extractive distillation 
process. For example, if the flow rate of solvent added to the 
column at a fixed reflux ratio increases, the ·number of plates re-
quired to achieve a given separation decreases. On the other hand, 
as the solvent flow rate increases, so does the heat load that is 
required to keep the column in thennal balance. In addition, 
larger diameter columns are required to handle the higher solvent 
flow rates in order to keep the linear velocity of the solvents 
relatively low. 
A typical example of equipment arrangement for a continuous 
extractive distillation is shown in Figure 2. Solvent is intro-
duced to the column at point (s), and the feed at point (f). The 
section above point (s) removes solvent from the vapors passing 
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Flowsheet for extractive distillation 
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up the column and is referred to as the solvent recovery section. 
In the section between points (s) and (f), referred to as the 
enriching section, the higher-boiling components are separated 
from the vapor phase. The section below the feed plate removes 
the low-boiling components from the liquid and is tenned the 
stripping section. These three sections are characteristic of 
all extractive distillation columns. Products from the bottom 
of the extractive distillation columns are separated from the 
solvent in a separate solvent recovery column where the solvent 
is recycled back to the extractive distillation column. 
As previously mentioned, solvent can be introduced to the 
mixture in a batch mode which can be done by replacing the con-
tinuous feed with a batch charge in the reboiler. The overhead 
from the solvent recovery section continuously flows back to the 
reboiler. In this way the only product is the distillate from 
the main column. 
Additional details regarding extractive distillation opera-
tions can be found in the literature reviewed (11-15). 
Solvent Selection 
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Although the experimental approach in determining the best 
possible solvent for an extractive distillation is usually a very 
costly and time consuming process, it was necessary to follow this 
procedure rather than a theoretical approach for the following 
reasons: 1) there is a lack of simple theoretical or empirical 
relations which could be utilized to select an effective solvent 
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by considering the properties of the pure compounds, and 2) methods 
such as the Weimer Prausnitz (15, 16) procedure could not be used in 
this project since it is applicable only to tertiary systems (two 
hydrocarbons to be separated in addition to a polar solvent). The 
piperylene system consists of four major hydrocarbons and a polar 
solvent in addition to several minor impurities. Therefore, the 
selection of potential solvents for this project was based upon 
the results of other studies which concerned the separation of 
similar mixtures. 
Since the system dealt with in this project consists of four 
major hydrocarbons (2 olefins and 2 diolefins), we were able to 
rely on data obtained from studies of solvents employed in a system 
consisting of pentane and 1-pentene (paraffin and olefin). This 
appeared to be a reasonable approach since solvents which exhibit 
good selectivity for a paraffin-olefin mixture are frequently 
suitable for an olefin-diolefin separation (17). Therefore the 
fifteen solvents demonstrating the highest selectivity values (s 12 ) 
in two different studies (15,17) were selected as candidate sol-
vents for this project. Tables II and III show the fifteen solvents 
with their selectivity values reported in the two referenced studies. 
In a study reported by Minoru Enomodo (18), seventy-five sol-
vents were screened in order to find solvents of high selectivity 
and good miscibility with c5 hydrocarbons that could be of value 
in the separation of isoprene. By using a vapor-liquid equilibrium 
still, the equilibrium phase concentrations in the system containing 
Table II 
The 15 most effective solvents with their experimental s12 values chosen from the study by Tassios (15). 
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No. Solvent Selectivity S* 
1 Nitromethane 2.19 
2 y.-Butyro l actone 2.17 
3 Acetonitrile 2.16 
4 Ethylenediamine 2.11 
5 Dimethyl fonnamide 1. 96 
6 Furfural 1. 87 
7 Dimethyl acetamide 1. 85 
8 Propionitrile 1.85 
9 Diethyl oxalate 1. 75 
10 2,4-Pentanedione 1. 72 
11 Methyl carbitol 1. 72 
12 Acetone 1. 67 
13 Acetophenone 1. 65 
14 Cyclopentanone 1. 65 
15 Butyronitrile 1. 62 
S* - Selectivity for solvents acting on the system n-pentane 
and 1-pentene at 25oc. 
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Table 1II 
The 15 most effective solvents with their experimental selectivity 
expressed in y 1/y2 chosen from the study by .Gerster and Eklund (10). 
No. Solvent Selectivitv 
. yl/ Y2 
. . 
1 Nitromethane 2.49 
2 8-chloropropionitrile 2.18 
3 Y-Butyrolactone 2.17 
4 Acetonitrile 2.16 
5 Ethylene diamine 2. 11 
6 Propylene carbonate 2.10 
7 Pyrrolidone 1. 99 
8 n-methyl pyrrolidone 1. 96 
9 Dimethyl formami de 1. 96 
10 Dimethyl cyanamide 1. 95 
11 Dimethyl sulfolane 1. 95 
12 . Furfural 1.87 
13 Acetonyl acetone 1. 87 
14 Dimethyl acetamide 1.85 
15 Propionitrile 1. 85 
y 1/y2 - Activity coefficient at zero c5 concentration in liquid for n-pentane and 1-pentene respectively. 
Table IV 
The 15 most effective solvents with their experimental R12 values chosen from the study by Minoro Enomoto (19). 
No. Solvent R12 
1 Propylene carbonate 0.61 
2 Dimethyl sulfoxide 0.62 
3 Ethyl cyanoacetate 0.65 
4 Y-Butyrolactone 0.66 
5 Nitromethane 0.67 
6 N-methyl-2-pyrrolidinone 0.68 
7 N-N-dimethyl formamide 0.68 
8 Ethylene chlorohydrene 0.68 
9 Nitrosodimethyl amine 0. 70 
10 N-methyl f ormami de 0. 70 
11 Ethylene di amine 0.72 
12 Trimethylene diamine 0.72 
13 Ethylene acetoacetate 0.73 
14 Acetonitrile 0.73 
15 Trimethyl phosphate 0.75 
R12 - The re 1 at i v e volatility of isoprene to 2-methyl-2-butene 
19 
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isoprene, 2-methyl-2-butene and a solvent were detennined. Fifteen 
solvents were chosen according to the relative volatility (R12 ) 
obtained from the ternary system containing the two hydrocarbons 
(isoprene and 2-methyl-2-butene) and the corresponding solvent. 
These solvents are listed in Table IV with their R12 values. 
A total of twenty pure solvents, plus mixtures of solvents and 
solvent-organometallic compound mixtures have been evaluated in 
this project. Among these were thirteen solvents which were 
selected from the three groups of solvents listed in Tables II-IV. 
namely 2-pyrrolidone, acetonitrile, N,N-dimethyl fonnamide, l-methyl-
2-pyrrolidone, propylene carbonate, y·-butyrolactone, N,N-dimethyl 
acetamide, N-methyl fonnamide, 2,4-pentanedione, nitromethene, 
ethyl cyanoacetate, dimethyl cyanamide, and methyl carbitol 
(2(2-methoxyethoxy)ethanol). The other seven solvents were chosen 
because of their structure and polarity. s-chloropropionitrile 
was considered as a potential candidate but was not tested because 
of its suspected carcinogenic properties. 
In general, solvents for extractive distillation should comply 
with the following requirements: 
1. The solvent should be easily separated from the components. 
2. The solvent should not fonn an azeotrope with the compo- · 
nents of the mixture in question. 
3. The solvent boiling point should be about 50-l00°C higher 
than the boiling point of the mixture to be separated. 
4. The solvent should be chemically stable and unreactive 
under distillation conditions. 
5. The solvent should make the two key components of the 
mixture exhibit as large a difference in departure from 
Rauoult's Law as possible (i.e., the solvent exhibits 
much more affinity for one component than the other 
which thereby increases the relative volatility of 
the other component). 
6. The solvent should also be inexpensive, non-corrosive 
and non-toxic. 
Since the system dealt with in this project consists of a 
polar compound (solvent) and a mixture of relatively nonpolar 
compounds (hydrocarbons, olefins and diolefins), the types of 
intennolecular forces that can fonn in this mixture (polar/non-
polar) are classified as either physical, chemical, or a hybrid 
of the two (19). 
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The physical effect is the intermolecular forces (dispersion 
and dipole-induced dipole forces) between the solvent molecule and 
the hydrocarbon molecules in the system (polar-nonpolar). These 
forces act to either repel or attract molecules without the fonn-
ation of classical chemical bonds (i.e., ionic and/or covalent 
bonds). 
The chemical effect is due to the formation of a complex of 
loosely bound aggregates. This phenomenon, called salvation, is 
considered to be the result of a Lewis acid-base interaction in 
which acids and compounds containing unshared electron pairs fonn 
bonds. 
22 
When there is a significant difference in the size of the hydro-
carbons to be separated, the physical effect will be larger than the 
chemical effect, and usually the chemical and physical effects will 
complement each other. However, when the molecular size of the 
hydrocarbons to be separated is identical or very similar, the 
physical effect vanishes. 
The measure of the selectivity of a solvent is how much it 
increases the volatility of one hydrocarbon relative to the other. 
The physical effect will have its greatest effect on selectivity 
when the difference in molar volume between the hydrocarbons to 
be separated is large and when the solvent has a high polar co-
hesive energy, where. polar cohesive energy is the measure of the 
ability of a polar molecule to induce an energy of attraction in a 
nonpolar molecule (19). 
The expression for the relative volatility of hydrocarbons 
l and 2 is given as . Po 1 
Po 
2 
where al2 is the relative volatility of component 1 relative to 
0 0 
component 2, s12 is the selectivity of the solvent, P1 and P2 
are the vapor pressures of pure components 1 and 2 respectively, 
and Y
1 
and y 2 .are the thennodynamic activity coefficients for 
components 1 and 2 respectively. 
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An essential requirement for ~ good extractive solvent is that 
the value of s12 be significantly different from unity. The ~ 
selectivity is equal to the ratio of the activity coefficient of 
the first component to the second component. Large hydrocarbon 
molecules will have a larger interaction with the solvent mole-
cules, thereby producing a larger activity coefficient and conse-
quently a higher selectivity coefficient. 
In addition, when there is a significant difference in the 
molar volume of two hydrocarbons to be separated, the selectivity 
is sensitive to the polar solubility parameter. This means that 
the effectiveness of a solvent depends on its polarity which should 
be large, and on its molar volume, which should be small. As the 
molecular size of the two hydrocarbons to be separated gets closer, 
the greater will be the need for a higher polar solvent (19,20). 
From the literature, it was indicated that if the difference 
of size in the two hydr9carbons to be separated is 5% or greater, 
a solvent with high polarity must be considered and the physical 
effect will dominate (15). Considering the siies of the major compo-
nents in the piperylene mixture, it can be seen that the difference 
between the molar size of 2-methyl-2-butene and cyclopentene is 
5. 1% at 20°c and between 1,3-pentadiene and cyclopentene it is 
12.5% with the molar volume of the cyclopentene having the smallest 
size of all (6). 
A hydrocarbon which reacts with the solvent in the formation 
of a complex will have its boiling point increased, thereby leading 
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to the enhancement of the relative volatilities of the other com-
pounds in the mixture. The stability of the complex formed depends 
on two things; the degree of acid/base character of the solvent, and 
the degree of acid/base character of the hydrocarbon. The complex 
will have maximum stability when the hydrocarbon and solvent have 
the greatest difference in acid-base properties (19). 
To estimate the selectivity of a solvent operating by chemical 
effect two things must be known; the acid/base characteristic ·of 
the solvent, and the acid/base strength of each of the four main 
hydrocarbons forming the mixture. Unfortunately, such data for 
the species involved in this study was not available. However, 
it is possible to make estimates based upon the structural for-
mulas of the molecules in the mixture. 
From the molecular structure of the four major compounds fann-
ing the mixture (see Figure 3), it can be seen that .trans 1,3-
pentadiene and cis-1,3-pentadiene have two conjugated double bonds. 
Consequently the electron availability should be more than in 2-
methyl-2-butene and cyclopentene. Between the trans and cis forms 
the electrons are more accessible to an acidic agent in the cis ;: 
form because of structural hindrance in the trans form. Consider-
ing the mono olefins, it can be seen that there are two factors 
which make electrons in the rr bond in cyclopentene more available 
than those in 2-methyl-2-butene. First, stearic hindrance in 
2-methyl-2-butene makes the electrons less accessible. Second, 
the strain on the double bond in cyclopentene raises the energy 
0 
2-methyl-2-butene cyclopentene 
£!.!.-1.3-pentadiene trans-1,3-pentadiene 
Figure 3 
The molecular structure of the four major components of the 
piperylene mixture 
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of the double bond thereby making the electons on the rr · bond more 
accessible than in the 2-methyl-2-butene. 
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It can be seen that some differences in the basic nature of 
the compounds exist and theref0re ~the chances of forming complexes 
with different stabilities should be good. However, the extent 
of the differences can only be detennined by experimentation, 
since insufficient data are available to formulate a theoretical 
model for the purpose of equilibrium calculations. 
RESULTS 
The experimental data obtained from each extractive distillation 
run are shown in Tables V and VI. The solvents are classified accord-
ing to the average value of (a2 4) obtained by analyzing samples 
taken from the overhead and pot at various intervals. The solvents 
are listed in decreasing order of effectiveness relative to the cyclo-
pentene/cis-1,3-pentadiene separation. The numbers 1, 2, 3, 4 and 5 
refer to the names of the compounds in the concentrate, namely 2-
methyl-2-butene, cyclopentene, trans-1,3-pentadiene, cis-1,3-penta-
diene and the total of the cis and trans isomers. 00% refers to the 
percentage of the initial pot charge distilled at the time the samples 
from overhead and pot were withdrawn. SFR refers to the solvent flow 
rate in ml/min. DFR refers to the average distillate flow rate in 
ml/min from the beginning to the end of the distillation run. RR 
refers to the reflux ratio. CL refers to the column length. The 
alpha values in the table correspond to the separation achieved for 
each pair of compounds shown in the table by a single theoretical 
plate. The alpha values were calculated by using the Fenske equation 
(6). 
(Nm) = log a*ij log a;j 
The term (Nm) refers to the minimum number of plates necessary for 
the separation (8 for the small column, 12 for the large column). 
a*ij refers to the value obtained from analyzing the samples. 
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-Table V 
Results of testing of the screening operations for various 
so ].vents 
Avg. ~ Solvent D.0.% 0. l 4:'. ~- ~ J a.z 4 a 3 4 a. 2 5 S.F.R. D.F.R. R R.R. c. L. 
0.5 1. 183 1. 046 1.118 1. 069 1.068 1 . 121 0.746 1.503 1: 1 40 cm 
Ace ton itri 1 e 7.5 1. 091 1. 075 1. 119 1. 040 1.090 
CH3-<N 
15.5 1.077 1. 086 1.128 1. 038 1. 101 
24.0 1.077 1. 104 1.128 1.040 1. 100 
36.0 1. 068 1. 091 1.129 1. 035 1. 103 
AVt:.K~bt 
-- 1. 099 1.080 1. 124 1. n44 1.092 
0.5 1. 151 1. 036 1.084 1. 046 1. 052 1. 121 0.6 1.868 1: 1 40 cm 
Ni tromethane I 9.8 1. 083 1. 063 1.096 1. 031 1. 074 
CH3-No2 I 19.2 1. 076 1.072 1. 109 1.034 1. 085 
27.2 1. 080 1. 080 l. 116 1.034 1. 093 
32.4 1.084 1.089 1. 129 1. 037 1. 103 
AVERAGE -- 1. 095 1. 063 1. 107 1. n1Fi 1 .081 
Propylenen Glycole 0.5 l. 213 1.047 1.121 1. 071 1. 069 l. 121 0.726 1.544 1: 1 40 cm 
+ 9.0 1. 093 1.052 1. 098 1.044 1. 067 Acetonitrile 
HO-CH:::C H-CH2-0H 17.5 1. 090 1. 055 1. 104 1.045 1.072 
+ 26.5 1. 085 1.059 1. 107 1. 043 1.073 
CH3CN 34.9 1. 081 l. 063 1.107 1.042 1.078 
AVERAGE 
--
1 11? 1 ni:;c:; 1 in1 1.044 1. 072 
0.8 1. 180 1. 041 1. 106 1. 062 1. 061 1. 121 0.829 1.352 1: 1 40 an 
Dimethycyanamide 10.3 1.092 1.049 1. 088 1. 037 1.062 
(CH3 )2CN2 19.9 1. 091 1.059 1. 102 1. 041 l.073 
28.9 1. 100 1. 068 1. 109 1. 039 1. 082 
36.9 1. 102 1.073 1. 119 1.042 1. 089 
AVt:RAGE 
--
1 1 n 1 ni:;-:i 1 1 ni:; 1. 044 1. 073 
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Table V - continued 
Solvent o.o.s a.l 2 ~3 Oz 4 a.,, 4 ~5 
Avg. l% S.F.A. D.F.R • DFR R.R. C.L. 
0.5 1.173 1.025 1.085 1.059 1.044 1.121 0.652 1.793 1:1 40 an 
N-N-01methy1 9.5 1.·100 1.048 1.092 '1.041 1.063 fonnamide 
15. 5 1.099 1.055 1.099 . 1.042 1.070 
0 28.0 1.096 1.063 1. 107 1.041 1.079 ~ CH3 
-N( 3_4.0 1.005 1.073 1.119 1.042 1.089 CH3 
AVt.K>'<l..lt. 
--
l. 115 I. U:>.J I. IUU l .04:1 1.069 
N-N-01methy1 o.s 1. 187 1.037 1.095 1.056 1.055 1.121 0.645 1.738 1: 1 40 an 
acetamide 9.0 1. 101 1.040 1.079 1.053 1.038 
C CH 17.5 1.092 1.041 1.076 1.033 1.053 
CH3_.2-N( 3 25.0 1.087 1.044 1.079 1.033 1.056 
CH3 33. 1 1.111 1.054 1.096 1.040 1.069 
)..IJ ER~GE 
--
1 llfi 1.043 1. ni:1i:; 1. 040 1~057 
1-methyl-2- o.s 1.184 1.002 1. 132 1.060 1.021 1.121 0.69 1.625 1: 1 40 an 
pyrrolidinone 9.0 1. 101 1.028 1.067 1.038 1.041 
CH3 16.0 1.106 1.037 1.076 1.037 1.051 I c N'f.O 24.0 1.124 1.052 1.096 1.0U 1.070 
32.S 1.091 1.042 1.080 1.034 1.055 
AIJER~GE 
--
1 ,,, 1 n1'.> 1 ng.a. 1 nv 1 nAA 
N1troethane 0.5 1.162 1.016 1.071 1.053 1.034 1.121 0.65 1.725 1:1 40 an 
9.8 1.087 1.045 1.078 1.032 1.056 
CH3-cH2-N02 19.2 1.083 1.053 1.085 1.031 1.084 
27.Z 1.080 1.059 1.093 1.034 1.071 
32.4 1.080 1.058 1.092 1.0l2 1.070 
AVt.l<AuE 
--
1 naA 1 n.a.: 1 naA 1 ni,; 1 n,;1 · 
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Table V - continued 
Solvent o.o.i Avg. % a 1 2 ~3 a2 4 ~ 4 ~ 5 S.F.R. O.F.R . 0 R.R. C.L. 
Y ·-au tyro 1 ac tone 0.5 1.203 1. 005 1.071 1. 066 1. 025 1.132 0.7 1. 617 1 : 1 40 cm 
(cyclic) 
8.0 1.102 l. 035 1.076 1. 040 1. 045 
0 
II 16.6 1. 097 1. 044 1. 086 1. 040 1.059 O,...C 'CH 
I I 2 25.1 1. 099 1.050 1. 091 1.039 1.064 CH2--cH2 35.7 1. 089 1. 049 1.088 1. 037 l. 062 
AVERAGI::. 
--
1 . 11 A 1. 037 1.082 1. 044 1 .U~£ 
2-Pyrrolidinone 0.5 1. 203 1.025 1.079 1. 052 1. 041 0.898 0.541 1. 660 1: 1 40 cm 
NH O 9.0 1.140 1. 028 1.078 1.048 1.044 LI I 16.0 1. 122 l. 029 1.073 1. 043 l. 044 
I 24.0 1. 118 1. 030 1.074 1.043 1.045 
32.5 1. 109 l .029 1.073 1.043 1.044 
AV E~ .!.GE 
--
1 11A l. 028 l. 075 1.046 1.044 
Ethylcyanoacetate 0.5 1.200 1. 023 1. 088 1. 067 1. 041 l.132 0.64 1.769 l: 1 40 cm 
0 9.8 l .087 1. 023 1.064 1. 040 1.037 ,, 
yHz~~2H5 19.2 l. 086 1. 029 1. 071 l. 041 l .043 
CN 28.0 1. 087 1. 032 1. 076 1.042 l .047 
34.5 1.099 l. 036 1. 083 1. 046 1. 053 
AVERAGE 
--
1. llA 1 O?Q l. nn l nA7 1 nt1r:; 
Propylenecarbonat1 0.5 1.226 0.986 1. 060 1. 075 l. 003 1.132 . 0.675 1.698 l: 1 40 cm 
(cyclic) 
7.5 l. 112 1.009 l. 051 1. 046 1.020 
0 
P__..e,P 16.0 1.109 1. 037 1. 084 1.043 1. 021 
24.0 1. 097 1.033 1.078 1. 043 1. 020 CH~ /CH2 
1. 085 CH? 33.0 1. 031 1.075 1.043 1.024 
AVTR~E 
--
1. 126 l. nl8 1. nf;Q l. ni;n , n1 Q 
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Table V - continued 
Solvent o.o.s C'i. 1 2 a2 3 Oz 4 ~4 a 2 s 
Avg. 1% S.F.R. O.F.R. R.R. c. L. 0 R 
0.5 1. 185 1.019 1.079 1. 058 1.037 1.121 0.645 1.738 1: 1 40 cm 2,4-Pentanedione 
0 0 8.2 1.092 1. 016 1.055 1.037 1.029 
II It 
CH3-i:-tH3-C-CH3 18.0 1.078 1.021 1. 056 1.034 1.033 
26.0 1. 079 1.028 1.063 , .034 1.040 
33.8 1. 081 1.026 1.060 1. 033 1.038 
""" c.><A1:1E -- I. IU..1 1.u,, 1.063 l. 034 I .U~:> 
0.5 1.196 0.998 1.061 1.063 1.017 1. 121 0.695 1.611 1: 1 40 cm 2-Ch l oroethano 1 
Cl 10.0 1. 101 1.005 1.037 1.032 1.018 
~H2-CHz-CHz--OH 18.9 1. 103 1.005 1.049 1.044 1.020 
29.0 1. 107 1.008 1. 056 1.048 1.024 I 
38.0 1.096 l .009 1.054 1.045 1.025 
AVE~.:.GE -- I. 121 l.UU~ , . 051 l. 046 , . 021 
o.s 1. 199 o. 972 1. 034 1.064 0.991 1.121 0.656 1. 709 1 : 1 40 cm 
N-Methyl 
formamide 9.9 1. 105 0.987 1. 031 1.044 1.002 
CH3 0 20.9 1. 110 1.008 1.060 1.060 1.026 n )tH:-H 28.3 1.086 0.989 1. 056 1. 041 1.003 H 
37.2 1. 102 1.006 1.057 1. 051 1.024 
AVERAGE 
--
l. 120 0.992 l. U'+b l. U:>' 1. uu~ 
0.5 1. 189 0.988 1.053 1.066 l .007 l. 121 0.724 1. 548 1: 1 40 cm 
2(2-methoxyethoxy1 
ethanol 9.9 1.093 0.996 1.036 1.039 1. 010 
CH30CH2CHzCH20H 19.0 1.079 0.999 1. 035 1.036 1.012 
28.7 1.088 1.001 1.042 1.040 1. 015 
36.7 1.098 1.003 1.050 1.047 1. 021 
i'Wt.RAGE 
--
l. l 09 0.996 l. 043 1.046 I. 013 
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Table V - continued 
Solvent D.0.1 a a a a a. 
Avg. 1% 1 2 2 3 z 4 l 4 2 5 S.F.R. D.F'.R ' OFR R.R. C.l. 
Oxtylcyanide 0.5 1. 198 0.976 1.035 1.061 0.994 1.121 o. 771 1.454 l: l 40 cm 
(octani tri 1 e) 9.4 1.Q86 0.997 l.031 1.034 1.008 
t 8H17tH 17.9 1.067 0.999 1.036 1.037 1.012 
27.7 1.087 1.002 1.038 1.037 1.015 
36.5 1.089 1.004 1.043 1.039 1.018 
AVl:.AAGE 
--
I. IU~ o.::r~o I. 0.37 l .U'ft l .uu~ 
ft1 tropropane 0.5 1.0S2 1.006 1.025 1.019 l.010 l.121 0.687 1.631 1: 1 40 cm 
(mixture) 8. l 1.038 1.015 1.029 1.014 1.020 
CH3-<Hz-<H2-H02 
16.2 , .036 l. 017 1.033 1.015 l .023 
23.8 1.036 l.020 1. tl35 1.015 1.025 
32.0 1.035 1.026 1.035 1.014 1.025 
AV E1';..GE -- . 1. 039 1. Olfi 1. n1n 1.015 l. 021 
Chlorobenzene + 0.5 1. 127 0.968 1.009 1.042 0.982 1.121 0.675 1.660 cobalt naphthanat• 1: 1 40 cm 
.95:5 v/v 8.4 1. 113 0.970 1.009 1.040 0.984 
f-e~~c0•2 .J; 15.4 1.108 o. 973 1. 011 l .~39 0.986 23.9 1.096 0.976 1.011 1.035 0.986 
33.8 1.124 0.969 1. 015 l .<M7 0.985 
AV~QAGE 
--
1 1U n an i nn 1.041 o.gai; 
Di~thylpoly- 0.5 1. 250 0.912 0.990 1.085 0.935 l.135 0.736 1.544 1: 1 40 cm 
s1lox1ne 9.1 1.110 0.947 0.995 l.048 0.965 ~H3 CH:+ 17.B 1.102 1.046 0.962 i -<>- ~i 0.947 0.990 
H3 ~H3 25.9 1.091 0.946 0.996 1.052 0.963 
35.3 1.094 0.943 0.991 1.051 0.960 
AVE.RAG!:. 
--
, 1?0 0 C~Q 0.992 1.nc.~ n Qc;? 
Table VI 
Results of testing solvents nitromethane and 
acetonitrile at high flow rates 
I Avg. ~ Solvent o.n.cx' al 2 ~3 Ctz 4 ~ 4 az 5 S.F.R. D.F.R. R 
0.75 1.125 1. 075 1.128 1.049 1.092 8.5 3.57 3.57 
Nitromethane 11.25 1. 041 l. 043 
1. 065 1.021 1. 051 
(1) 21.25 1.042 l .045 l. 062 l. 011 1. 051 
31.05 1. 050 1.066 1. 093 1.026 1. 076 CH3N02 
51.55 1. 037 1. 054 1. 093 1.030 1. 066 
AVtKAl.l[ 
-- I .U::>!:I I. U~/ I. uoo '.ui:::i I. UO/ 
o. 75 l. 208 1. 125 1.210 l. 075 1. 149 8.0 1. 213 7.12 
13.5 1.049 l. 076 1.120 1. 041 1. 091 Nitromethane 
(2} 24.85 1. 055 l. 084 1.127 l.040 1.099 
36.15 1.046 1.128 1.205 1.068 l. 152 CH3N02 
39. l 1. 038 1.238 l. 218 1. 070 1.163 
AVERAGE -- I .019 I. 14 l l. 194 l. 059 1.131 
0.5 1. 091 1.080 1. 124 1.040 1.094 5.5 0.385 14.28 
Nitromethane 10.0 l. 009 l. 160 1. 235 1.065 l. 065 
(3) 
16.95 l. 104 1.203 l. 284 1.066 1.228 
CH3No2 
22.2 1.078 1.139 l. 198 1.052 1. 159 
24.85 1.060 1. 132 1.192 l. 053 1. 152 
AVERAGE 
--
1. Onn 1. 143 1. 207 1. ni:;i:; 1 140 
0.5 1.218 1.227 l. 303 1.062 l. 519 12.0 0.792 15. 15 
Acetonitrile 6.0 1.085 1.218 1.320 0.973 1.246 
( l) 
10.0 1. 051 1.251 1.348 1.077 1.279 
CH3CN 15.0 l .067 1.206 1.308 1.085 
1.234 
18.3 l. 064 1.213 l.319 1.087 l. 319 
P.VtKAuE 
--
l. 097 l.223 1.320 1. 057 l. 314 
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R.R. c. L. 
1 : 1 76 cm 
l: l 76 an 
1 : 1 76 cm 
1: 1 76 cm 
from the overhead and the pot by gas chromatography, a;j refers 
to the separation achieved by a single plate which is calculated 
by solving the Fenske equation. 
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CONCLUSIONS 
From the experimental data shown in Table V and from Figure 4, 
a number of conclusions may be drawn. Based on the average a.2 4-
values which represent the ability of the solvent to separate the 
key components of the piperylene mixture, it is clear that aceto-
nitri le is the most selective and efficient solvent among the 20 
solvents, mixtures of solvents and solvent organometallic mixtures 
tested. This is based on the largest average a 2 4-values and the 
largest single a.-value (1. 129) which it shares with nitromethane. 
Acetonitrile also shows a larger average and single alpha value at 
higher flow rates (see Table VI). 
Looking at the magnitude of the selectivity of the solvents 
based on a 2 4-values which refers to the ability of the solvent 
to separate the two key components (cyclopentene and cis-1,3-penta-
diene) it is possible to some extent to correlate the magnitude of 
a -values with the chemical structure for some solvents. In com-
paring a 2 4-values for the solvents, nitromethane, nitroethane 
and nitropropane which are l. 107, l.084 and 1.030 respectively, 
with the solvents acetonitrile and octanitrile where their a 2 4-
values are l. 127 and 1.037 respectively, it appears that the trend 
of the selectivity decreases as the number of the methyl groups 
increases in the homologous series of the solvent (see Figure 5). 
In other words the effectiveness of the polar group (in this case 
35 
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40% 
-N02 and -CN) is weakened relative to fanning nonideal solutions 
with the hydrocarbon as the carbon chain increases. 
In looking at the structure and the a 2 4-values of the six 
solvents in Table VII, some additional conclusions can be drawn 
relative to the effectiveness of the polar group. It appears that 
0 
the -CN is more effective than ~-and N02 as a polar group in 
extractive distillation of the piperylene mixture. It can also be 
observed that when a methyl group is replaced with a hydrogen, the 
the value of · a 2 4 increases, but when the methyl group which has 
been replaced by a hydrogen atom is bound to a nitrogen atom, the 
a 2 4-value decreases. This may be due to the reduction in the 
size of the molecule which results in a higher a 2 4-value in the 
first case and lowering of the polarizability of the solvent mole-
cule which results in a lower a 2 4-value in the second case. 
Acetonitrile and nitromethane which were found to be the most 
effective solvents (15), have molar volumes of 58.9 and 59.3 
k (cc/g mol) and polar cohesive energies of 7.98 and 8.23 (cal/cc) 2 • 
It is known that a solvent which has a high polar cohesive energy 
38 
and a small molar volume nonnally functions as an effective extract-
tive solvent. Thus it can be seen that acetonitrile has the better 
molar volume while nitromethane has a better polar cohesive energy. 
Apparently with the piperylene mixture the molar volume has more 
influence than the polar cohesive energy. 
The influence of ring size on the effectiveness of the solvent 
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Table VII 
Some solvents having similar molecular structure with corresponding 
experimenta 1 a- v a 1 ues. 
No. Solvent Structure a 2 4 
1 Acetonitrile l. 124 
2 Nitromethane 1. 107 
CH 
3 N-N-dimethyl cyanamide 3)N-<:N 1. 105 
CH3 
0 CH3 ll 
l. l 00 4 N-N-dimethyl formamide )N--C~ 
CH3 
0 CH 1l 
5 N-N-dimethyl acetamide 3)N-C-CH3 1. 085 
CH3 
0 CH3 ft 
1. 048 6 N-methyl fonnamide >N-c-H 
_·H 
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can be judged by looking at the results obtained for solvents pro-
pylene carbonate and Y-butyrolactone, which have similar structures 
(the polar group for both is a ketone group). Only one ether group 
is present in Y-butyrolactone (five-membered ring) while there are 
two ether groups in propylene carbonate (six-membered ring). Again, 
the molar volume must be the detennining factor of the effectiveness 
of the solvent as judged by the fact that Y-butyrolactone has a 
better a 2 4-value and a smaller ring size. 
It has been reported that solvents containing -NH and -OH 
groups, which fonn strong hydrogen bonds, are likely to produce 
lower selectivity than those which do not (17). This effect can 
be observed by looking at the results obtained for 2-pyrrolidinone 
and l-methyl-2-pyrrolidinone which have similar structures except 
that the hydrogen attached to the nitrogen in 2-pyrrolidinone is 
replaced with a methyl group in 1-methyl-2-pyrrolidinone. Appa-
rently because 2-pyrrolidinone has an -NH group while 1-methyl-2-
pyrrolidinone does not, it has a lower a 2 4-value and therefore a 
lower selectivity. 
No attempt was made to interpret trends in a .-values for 
propylene glycol + acetonitrile (50/50), ethyl cyanoacetate, 
2,4- pentanedione, 2 chloroethanol, 2(2-methoxyethoxy)ethanol, 
chlorobenzene + cobalt naphthanate (95/5) and dimethyl poly-
si l oxane, because of the large differences in molecular structure 
and polar groups. 
The reason for mixing the organometallic compound (cobalt-
naphthanate) with chlorobenzene and testing it as an extractive 
solvent was that it was thought that the cobalt ion might coordi-
nate with the diolefins in the piperylene mixture thereby de-
creasing their relative volatilities. However the alpha values 
obtained for this mixture as shown in Table V indicate that very 
little association occurred with the diolefin and thus had little 
influence on the selectivity. 
In comparing the data in Table VIII which lists the solvents 
by decreasing effectiveness in the separation of the five compo-
nents in the mixture, it can be seen that the separation or selec-
tivity trend for solvents in the case of separating the pairs 
cyclopentene/cis-1,3-pentadiene and cyclopentene/trans-1,3-penta-
diene fall in the same range with the exception of the solvents, 
dimethylpolysiloxane and chlorobenzene + cobaltnaphthanate (95:5 
v/v). In the case of separating the pair cyclopentene/cis-1,3-
pentadiene, dimethyl polysiloxane ranked twentieth and the chloro-
benzene + cobaltnaphthanate (95:5 v/v) ranked nineteenth, while in 
the separation of cyclopentene and trans-1,3-pentadiene, they 
ranked third and eleventh respectively. Therefore one can ~xpect 
to find a similar pattern for the separation of cyclopentene and 
the total 1,3-pentadiene as can be seen from the values listed in 
the table. The order in which solvents have been arr~nged in the 
separation of the two pairs, 2-methyl-2-butene/cyclopentene and 
trans-1,3-pentadiene/-cis-l,3-pentadiene are totally different 
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with 2-pyrrolidone the most effective solvent for the first pair and 
dimethyl polysiloxane for the second pair. 
Based on the best separation of the given pairs achieved in 
this study, it can be said that the most probable procedure for 
separating the four major components of piperylene concentrate by 
using extractive distillation is to use acetonitrile to separate 
the mixture into two fractions. The first contains 2-methyl-2-
butene and cyclopentene and the other contains the two isomers of 
1,3-pentadiene. Then the two solvents, 2-pyrrolidone and dimethyl -
polysiloxane could be used to separate the components of the first 
and second fractions respectively. 
RECOMMENDATIONS 
Further work should be done to investigate the feasibility of 
using the three solvents acetonitrile, 2-pyrrolidone and dimethyl 
polysiloxane in subsequent extractive distillations to separate 
the four major components of the piperylene concentrate. This 
could be done by 
a) Rescreening the ten most selective solvents at 
higher solvent flow rates (15:1) (since the relation 
between selectivity and solvent flow rate in ex-
tractive distillation is not linear) to confirm 
whether the 2-pyrrolidone and dimethyl polysiloxane 
are the most effective solvents in separating the 
two pairs 2-methyl-2-butene/cis-1,3-pentadiene and 
trans-1,3-pentadiene/cis-1,3-pentadiene. 
b) An experimental setup using laboratory equipment 
which more closely matches the industrial scale 
could be done and the optimum conditions for 
separation using continuous piperylene feed 
to the pot and continuous feed of solvent to 
the extractive to~1er determined. 
Additional solvents from Tables II-IV which could be screened 
under the same conditions followed in this study, and which could 
possibly exhibit greater selectivity, are diethyl oxalate, acetone, 
44 
acetophenone, cyclopentanone, butyronitrile, furfural, acetonyl 
acetone, trimethyl phosphate, ethylene acetoacetate, trimethylene 
diamine, nitrosodimethyl amine and ethylene chlorhydrin. 
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